Significant changes in highway construction cost are problematic for cost estimation, bid preparation, and investment planning of highway construction projects in the United States. Analysis of the temporal relationships between highway construction cost and macroeconomic, and construction and energy market indicators helps to have a better understanding about highway construction cost changes within the U.S. macroeconomic, and energy and construction market context. This temporal analysis helps to identify leading indicators of highway construction cost. Leading indicators of highway construction cost are indicators which past values contain information that is useful for forecasting the future values of highway construction cost. The research objective is to analyze the temporal relationship between highway construction cost and macroeconomic, and construction and energy market indicators using multivariate time series tests.
INTRODUCTION
Federal Highway Administration (FHWA) has published National Highway Construction Cost Index (NHCCI) quarterly since 2003. NHCCI measures the average change over time in the roadway construction material and service prices paid by State transportation departments (FHWA 2013 ). This index is utilized for estimating costs and preparing bids in the highway construction projects. Historical highway construction costs are typically used for cost estimation. Therefore, it is necessary to include the construction cost changes over time in cost estimation (Hendrickson, 1998) . Cost estimators usually take into account the changes in highway construction cost by forecasting future value of cost index and correcting the original cost estimates. Accurate forecasting of NHCCI can result in preparing accurate bids and prevent under-or over-estimation. However, NHCCI is subject to significant variations that make forecasting challenging.
Forecasting the NHCCI trends requires the knowledge about NHCCI's explanatory leading indicators. Empirical tests can be used to identify the leading indicators of NHCCI from a pool of variables representing the U.S. construction, energy and economic environment. The research objective is to analyze the temporal relationship between highway construction cost and macroeconomic, and construction and energy market indicators using multivariate time series tests. This temporal analysis helps to identify leading indicators of highway construction cost. Leading indicators of highway construction cost are indicators which past values contain information that is useful for forecasting the future values of highway construction cost. In the rest of this section, research background is reviewed. The Research Method Section introduces statistical tests to analyze the temporal relationship between highway construction cost and macroeconomic, and construction and energy market indicators and identify the leading indicators of NHCCI. The Empirical Results Section presents the results of the tests and presents the major findings and their implications. Conclusions are presented in the last section.
Although the temporal relationship between highway construction cost and macroeconomic and construction and energy market indicators is not studied, there are studies that investigated the relationship between some construction cost indices and some indicators. Williams (1994) forecasted changes in ENR CCI by using the trends in CCI, prime lending rate, housing starts, and the months of the year as the inputs of back-propagation network models. He concluded that CCI cannot be accurately predicted by the neural network models due to the complexity. Taylor and Bowen (1987) recognised demand as the major factor for forecasting future building price indices. They also acknowledged that construction supply has a long-term effect on the construction price movements. Skitmore (1987) studied the impact of market on construction prices. He identified a positive relationship between construction price and new orders representing demand. Runeson (1988) showed that variations in building prices are the product of changes in input prices and prices represented by market condition. The market condition was a function of building approvals, fixed capital formation in buildings, and unemployment rate in Runenson's study. Fellows (1988) used interest rates, investment intentions, architect's new commissions, production drawings, enquiries, orders, expected volume of work, and building cost as the explanatory variables of the construction price in the U.K. Akintoye et al. (1998) identified macroeconomic indicators of Tender Price Index (TPI): unemployment level, construction output, industrial production, and the ratio of price to cost indices in manufacturing. Ng et al. (2000) and Wong and NG (2010) identified indicators representing both macroeconomic and construction market conditions important for forecasting TPI. These indicators are best lending rate, building cost index, consumer price index, gross domestic product, employment rate, gross domestic product of construction industry, implicit gross domestic product deflation, and money supply. Table 1 summarizes the commonly used explanatory variables of the construction cost, and the sources from which the data can be retrieved in the U.S. These variables represent the U.S. construction and energy market and macroeconomic conditions. The research objective is to fill the current gap about the leading indicators of NHCCI by analyzing the temporal relationship between highway construction cost and these indicators using multivariate time series tests. Pearson correlation analysis is used to study the linear relationship between NHCCI and the macroeconomic, construction and energy market variables. The test statistic of this test is represented using Pearson product-moment correlation coefficient and the null hypothesis of the test is that there is no association between NHCCI and the macroeconomic, construction and energy market variables. Although the results of this test reveal information about the linear relationship between NHCCI and the variables, it does not necessarily show the temporal association between NHCCI and the variables. More importantly, this test does not show if the historical information of one variable is helpful to forecast NHCCI. Therefore, multivariate time series tests (Unit root tests and Granger causality tests) are used to assess the temporal relationships between NHCCI and the variables. In case the results of multivariate time series tests are different from the results from correlation tests, the results of multivariate time series tests should be trusted since the correlation tests is limited and it does not show that the historical information of one variable is helpful to forecast NHCCI.
Unit root test for testing stationarity of the variables
It is crucial to identify the order of integration of variables before using any other multivariate time series tests because these tests, such as Granger Causality tests depend on this order of integration. The number of times that a variable must be differenced until stationary time series data are created is the order of integration for the variable. Augmented Dickey-Fuller (ADF) test proposed by Dickey and Fuller (1979) and extended by Said and Dickey (1984) is used to identify the order of integration of the variables with a general regression equation: (1) where ∆yt represents the lagged first differences and , , and are the model parameters that need to be estimated. The null hypothesis of this test is that the time series is not stationary and the alternative hypothesis is that the time series is stationary. Critical values recommended by Banerjee et al. (1993) are used for the unit root test. Akaike Information Criterion (AIC) is used to identify the lag lengths (Akaike, 1974) in this test.
If the results of the unit root tests show that the variable under consideration is not stationary, the variable is differenced and the unit root test is repeated for the differenced terms. Differencing is repeated until the results show that the variable is transformed to stationary time series. The Granger causality test is used for the stationary time series of the variables with the same order of integration.
Granger Causality Test for Identifying Leading Indicators
Granger causality test is a mutltivariate time series test used to identify whether the information in time series data of one variable is useful to predict the future value of another variable (Granger 1969 
EMPIRICAL RESULTS

Data
The values of National Highway Construction Cost Index from the first quarter of 2003 to the fourth quarter of 2011 (total of 36 data points) are used as NHCCI in this study. NHCCI measures the average change over time in the roadway construction material and service prices paid by State transportation departments (FHWA 2013) . In order to calculate NHCCI, the FHWA uses the Bid-Tabs database from Oman Systems, Inc. (OSI) that captures the bids submitted on highway construction contracts in States. The potential leading indicators of NHCCI are also available in these time frames. Table 2 summarizes the results of the correlation tests between NHCCI and macroeconomic, construction and energy market variables. These results show that federal funds rate (0.77), unemployment rate (-0.56), employment rate in construction (0.69), average weekly hours (0.37), prime loan rate (0.79), Dow Jones Industrial Average (0.43), and construction spending (0.80) are correlated with NHCCI at 5% significance level. GDP is correlated with NHCCI at 10% significance level. More specifically, there are strong positive linear relationships between NHCCI and federal funds rate, employment level in construction, average weekly hours, prime loan rate, Dow Jones Industrial Average, and construction spending. There is a positive moderate linear relationship between NHCCI and GDP. There is a strong negative linear relationship between NHCCI and unemployment rate. Notes: ** Rejection of the null hypothesis at the 5% significance level. In other words, it denotes that the correlation is significant at 5% level. Table 3 shows the results of ADF unit root tests for NHCCI and the macroeconomic, construction, and energy market variables. This table shows that federal funds rate, employment rate in construction, average weekly hours, prime loan rate, and producer price index are stationary. However, all other variables including NHCCI are not stationary and hence, the statistical properties of them change by time shifting. NHCCI, consumer price index, average weekly hours, average hourly earnings, Dow Jones industrial average, and crude oil price become stationary by differencing. Therefore, the statistical properties of these variables do not change by time shifting if difference once. Since these variables become stationary by differencing them once, they have order of integration 1.
Results of correlation tests between NHCCI and macroeconomic, construction and energy market conditions
Results of ADF unit root tests between NHCCI and macroeconomic, construction and energy market conditions
Since variables with the same order of integration can be kept for further temporal analysis. Therefore, consumer price index, average weekly hours, average hourly earnings, Dow Jones industrial average, and crude oil price that have the same order of integration (order of integration 1) as NHCCI, are kept for further analysis. Granger causality test is applied to examine whether first difference of these variables Granger cause the first difference of NHCCI. Notes: ∆ is the first difference operator; * Rejection of the null hypothesis at the 10% significance level; ** Rejection of the null hypothesis at the 5% significance level; [.] denotes the lag order that is selected based on the AIC criterion; The critical values that are proposed by Banerjee et al. (1993) are used for the rejection of the null hypothesis. Note: ∆ is the first difference operator; * Rejection of the null hypothesis at the 10% significance level; ** Rejection of the null hypothesis at the 5% significance level;
Results of Granger causality tests between NHCCI and macroeconomic, construction and energy market conditions
CONCLUSIONS
Identification of the leading indicators is crucial for accurate forecasting of NHCCI. The analysis of temporal relationships between NHCCI and indicators representing macroeconomic, and construction and energy market conditions is used to find the leading indicators of NHCCI.
Granger causality tests are used to identify the leading indicators of NHCCI in the U.S. construction, energy and macroeconomic environment. The findings of Granger causality tests show that crude oil price and average hourly earnings are the leading indicators of NHCCI. Moreover, it was found that consumer price index, average weekly hours, and Dow Jones industrial average are not the leading indicators of NHCCI.
The findings of this research fill the current gap about the leading indicators of NHCCI by analysing the temporal relationship between highway construction cost and macroeconomic, and construction and energy market indicators using multivariate time series tests. The identified leading indicators can be used to qualitatively describe current variation of NHCCI with more confidence. The findings help cost estimators, budget planners and construction market analysts explain highway construction cost variations and forecast the future trends, in order to improve the accuracy of their budgets, estimates and bids.
